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Objective. The objective of this study was to assess stability of different orthodontic mini-implants in the tibia of rabbits after
low-intensity laser therapy.
Material and methods. Thirty-two mini-implants were assessed, 16 were self-threading (Titanium Fix) and 16 self-perforating
(INP). These were inserted into the tibia of rabbits and immediately loaded with a horizontal force of 200g uniting 2 mini-
implants in each tibia. Then they were submitted to low-intensity laser therapy for 21 days. Sixteen male New Zealand breed
rabbits were used, and divided into 2 groups of 8 animals each as follows: Groups INP and TF. In both groups, mini-implants
were submitted to low-intensity laser therapy (right tibia) and their respective controls (left tibia) did not undergo laser
therapy. After the animals were killed, blocks of bone tissue containing the mini-implants were removed so as to perform
mechanical pull-out tests.
Results. There was a statistically significant difference only between Group TF submitted to laser and all the other groups
(P  .05).
Conclusions. Low-intensity laser was capable of increasing stability of self-threading orthodontic mini-implants. (Oral Surg
Oral Med Oral Pathol Oral Radiol 2013;115:e26-e30)One of the goals in contemporary orthodontics is to find
an ideal anchorage system that provides the desired
orthodontic movement with maximum control and min-
imum loss of anchorage,1,2 thus reducing the depen-
dence on patients’ cooperation with regard to the use of
intra- and extraoral appliances and elastic mechanics.
Mini-implants are increasingly being used as maxi-
mum anchorage for tooth movement in orthodontic
treatments.1,2 Therefore, research has been conducted
with the purpose of showing evidence of the applica-
bility, characteristics, shapes, and stability of different
types of orthodontic mini-implants.3
One of the crucial aspects for the success of stability
and maintenance of the appliances in the oral cavity is
the quality and preservation of bone in the region that
received the implant.3 Therefore, minimally invasive
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e26procedures for implant placement are fundamental for a
favorable prognosis.4
On the other hand, studies using low-intensity laser
for the purpose of alveolar bone repair have shown
promising results.5-9 Cell cultures and in vivo studies in
rabbit tibias5,7 to investigate titanium implants have
suggested that laser therapy may induce biostimulation
and accelerate integration of dental implants into
bone.5-9
The use of low-intensity laser therapy in the recovery
of soft tissues by the proliferation of repair cells has
been shown to be capable of increasing vascularization,
as well as having anti-inflammatory and anti-edema
effects, depending on the dose of laser applied.
These findings are in alignment with the idea that
mechanisms by which laser therapy acts on soft tissue
regeneration are similar to those of bone biostimula-
tion. Therefore, the aim of this study was to assess
stability of different orthodontic mini-implants in rabbit
tibias after low-intensity laser therapy using the pull-
out test.
MATERIAL AND METHODS
Experimental groups
Sixteen male New Zealand breed rabbits, aged approx-
imately 4 months and weighing 2500 g, obtained from
the vivarium at the Center for Health Sciences, the
Federal University of Ceará, were used. The rabbits
ini-imp
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(Group INP and Group TF). In both groups, mini-
implants were submitted to low-intensity laser therapy
(right tibia) and their respective controls (left tibia) did
not undergo laser therapy.
A total of 32 INP mini-implants (INP—Sistema de
Implantes LTDA., São Paulo, São Paulo, Brazil), all
with their specific characteristics, such as self-drilling
type, cylindrical screw design, 9-mm length, 6-mm
body length, 4-mm screw length, 1.5-mm screw diam-
eter, and Ti-6AI-4V alloy; and 32 TF mini-implants
(TF—Titanium Fix, São José dos Campos, São Paulo,
Brazil), all with their specific characteristics, such as
self-threading type, cylindrical screw design, 9-mm
length, 6-mm body length, 4-mm screw length, 1.5-mm
screw diameter, and Ti-6AI-4V alloy, were used for
study (Figure 1). Before insertion, the mini-implants
were characterized and measured with the use of a
profile projector (Nikon, Model 6, Tokyo, Japan).
Insertion and pull-out test
The rabbits were anesthetized with an injection of ket-
amine (Konig S.A., São Paulo, SP, Brazil) and xylazine
(Konig S.A., São Paulo, SP, Brazil) administered intra-
muscularly.10 After this, trichotomy of the surgical area
and local asepsis with 4% chlorhexidine digluconate
were performed (School of Pharmacy, Federal Univer-
sity of Rio de Janeiro, UFRJ, Rio de Janeiro, Brazil).
An incision was made in planes in the direction of
the long axis of the tibia, at a distance of approximately
4 mm from the implant site. Then, the orifices for
implant placement were prepared with a helicoidal drill
1.2 mm in diameter (TF—Titanium Fix, São José dos
Campos) mounted in a counter angle, at a speed of
Fig. 1. Mini-implants used in the study: A, self-threading m2000 rotations per minute and abundant irrigation witha physiological saline solution. After perforation, the
mini-implants were inserted into the tibia with the aid
of an insertion key.
Each animal received 4 mini-implants, 2 in each tibia
with a distance of 10 mm between them, and these were
immediately loaded. Load was applied by means of a
nickel-titanium spring (Morelli, Sorocaba, São Paulo,
Brazil) with a horizontal force of 200g, uniting the 2
mini-implants of each tibia.
To prevent infection after surgery, tetracycline paste
(tetracycline hydrochloride paste; School of Pharmacy,
Federal University of Rio de Janeiro) was applied to the
surgical site.
The surgical loci were sutured with 4.0 suture wire
(Ethicon, Johnson and Johnson, São Paulo, Brazil) and
then the animals received an injection of sodium dipy-
rone (0.3 mL/100 g, Novalgina, São Paulo, Brazil). All
procedures of this study were performed in accordance
with the ethical and legal recommendations established
for animal experimentation (Canadian Council on An-
imals Care, 1981). The animals were kept in individual
cages at a temperature ranging from 22 to 26°C under
a 12-hour light-dark cycle, under adequate conditions
with appropriate rations and water ad libitum.
The bone region perpendicular to the long axis of the
mini-implants inserted into the right tibia of each ani-
mal received low-power density laser radiation (DMC
Equipment, Whitening Laser Model II, São Carlos, São
Paulo, Brazil) for 21 days, starting after surgery, with
an interval of 48 hours between each laser application,
totaling 10 sessions at the end of the experiment. The
mini-implants inserted into the left tibia did not receive
irradiation (control groups). Irradiation was performed
lant—titanium Fix; B, self-perforating mini-implant—INP.in 2 points: externally and internally to the tibia, at a
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of 2.5 J.
After 21 days, the animals were killed with an over-
dose of ketamine and the tibias were surgically re-
moved, dissected, and bone blocks containing the mini-
implants were obtained. The samples were then stored
in a saline solution at a temperature of 15°C for 15
days. After this period, the bone blocks were left at
room temperature for mechanical assay.
The pull-out test was performed in a universal testing
machine (Emic DL 10.000, São José dos Pinhais, São
Paulo, Brazil). A claw-shaped device was fabricated
and mounted on the upper part of the machine so that
the mini-implant could be removed. Another device
served as a base for both fixing the bone block and
keeping the mini-implant in a perpendicular position
during the tests, thus preventing the creation of mo-
mentum. Mechanical assay was performed at a cross-
head speed of 0.5 mm/s for removing the mini-implant
of the bone tissue. Load and displacement values were
recorded as well as the maximum force (Fmax) (in
N/cm2) for later evaluation.
Statistical analysis
Experimental data were statistically analyzed with the
use of SPSS software 13.0 (SPP Inc., Chicago, IL). The
data were submitted to the analysis of variance to
determine any statistical difference between the groups,
followed by Tukey’s test. The results were statistically
significant atPless than .05.
RESULTS
The mean pull-out force values among the mini-im-
plants inserted ranged from 108.58 to 124.63 N for the
groups of control animals, whereas in the animals
treated with low-intensity laser therapy, means ranged
from 124.63 to 177.39, which were higher values than
those found in the control groups (Table I, Figure 2).
There was a statistically significant difference be-
tween Group TF without laser therapy and Group INP
without laser therapy (P .05) (Table I, Figure 2). The
mean pull-out value showed a considerable increase in
the groups submitted to laser therapy, and this was
Table I. Statistical analysis of mini-implants assessed
Groups Therapy Mean, N/cm2 (SD) Statistics*
TF Laser 177.39 (24.9) A
Control 108.58 (17.92) B
INP Laser 137.37 (11.78) B
Control 124.63 (13.48) B
TF, titanium Fix; INP, Sistema de Implantes.
*Equal letters mean absence of statistical difference (P  .05).more significant in the self-threading mini-implants.DISCUSSION
Studies using low-intensity laser for the purpose of
alveolar bone repair have shown promising results.5-9
The mechanisms by which laser therapy acts on soft
tissue regeneration11-13 are similar to those in bone
biostimulation5-9; therefore, this therapy may influence
the integration of dental implants into bone. The aim of
this study was to assess stability of different orthodon-
tic mini-implants in rabbit tibias after low-intensity
laser therapy using the pull-out test.
The pull-out test consists of extracting the mini-
implant from osseous tissue in a perpendicular direction
at a constant speed.14 This method, which is exten-
sively used in several areas of medicine,15 has been
increasingly used in orthodontics since the publication
of an article by Huja et al.16
In the present study, the pull-out test was performed
after the animals were killed on the 21st day after the
surgical procedure and laser therapy, to assess stability
of mini-implants. According to some studies, this irra-
diation period would be sufficient to stimulate bone
repair and bone healing in rabbits.17,18
In the literature,5-9,11-13,19 there is a great difference
in the choice of fluence and wavelength during irradi-
ation of bone tissues using low-intensity laser. The
energy and fluence used to repair bone tissue is higher
than that used for soft tissues, in which the energy
recommended must range from 2.5 to 3.4 J per appli-
cation point and fluence of 90 to 120 J/cm2.6
Diode lasers are the types most frequently used in
dental treatments and their active component is gallium
arsenide-aluminum (GaAIAs) with wavelength ranging
from 760 to 850 nm.6 In the present study, the wave-
length used was 808 nm with fluence of 90 J/cm2 for 25
seconds for each application point and energy of 2.5 J.
Each mini-implant received 2 laser applications perpen-
dicular along its axis, one internally and one externally.
Some studies6,13 have suggested that low-intensity
laser (GaAIAs) significantly stimulates bone regenera-
tion during rapid palatal expansion19 and in the mech-
anism of bone repair and osseointegration of prosthetic
implants. There is a lack of studies that investigate laser
therapy with interlocking of orthodontic mini-implants
within bone, however.
Despite the nontractional force being applied to
mini-implants, the values obtained during mechanical
assay show “imbrication” between the screw-part of
mini-implants and the osseous tissue in which they are
inserted.2,17
To analyze the interlocking strength “imbrication” of
mini-implants, the pull-out test was chosen.16 This
method, initially used in various areas of medicine,20-22
has been used in orthodontic research since the study of
Huja et al.16
nd con
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concern with regard to storage of the samples and time
elapsed between when the animals were killed and
mechanical tests. Earlier studies on pull-out force dem-
onstrated a variation in force over time; that is, the
interval between insertion and the pull-out test. Roe et
al.,23 who tested 1-week samples stored at 20°C,
reported lack of statistical differences when the test was
carried out immediately after the animals were killed.
Another study reported a decrease in pull-out force as
storage time was extended from 4 to 8 weeks. In the
present study, after the animals were killed, the samples
were immediately dissected and stored in saline solu-
tion for 15 days at temperature of 15°C.
The procedures followed were in accordance with
those used in other studies on orthodontic mini-im-
plants.16,24 On the 15th day, the samples were left at
room temperature to gradually unfreeze.
To fix the bone fragment during the mechanical test,
a metal device was made, which was mounted on a
universal test machine. The bottom part of the device
was made to keep the mini-implant perpendicularly
positioned on the base without having to apply resin to
the bone block, as suggested elsewhere.16,24 This deci-
sion was made because of the reduced size of the
sample and the possibility of resin penetrating into the
osseous tissue, which might mask the results.
In the present study, the animal experimental model
in rabbits was chosen, because this has been widely
used in mini-implant and low-intensity laser stud-
ies.5,6,12
The mean pull-out values found in the tests were
higher for the groups submitted to low-intensity laser
therapy than in the nonirradiated groups, irrespective of
Fig. 2. Pull-out test (mean and SD) of Group TF (titanium
self-drilling type) submitted to low-intensity laser therapy, athe type of mini-implant; however, all the groupsshowed satisfactory results with regard to the stability
of 0.3 to 4 N needed for orthodontic anchorage.16
A significantly higher pull-out test force was ob-
served for the self-threading Titanium Fix mini-im-
plants submitted to laser therapy, however, probably
because of the larger threadable contact area of these
implants inserted into the bone structure. These find-
ings also corroborate those of other studies5,8 showing
that laser-irradiated implants present better osseointe-
gration in comparison with nonirradiated implants.
It is possible that the higher pull-out value found in
the self-threading mini-implants submitted to laser
therapy may be associated with the increase in the
number of bone trabeculae, as observed in the histo-
logic analysis of the bone repair process of fractured rat
tibias that received low-intensity laser therapy as re-
ported by Trelles et al.13
Thus, the increase in the pull-out test force induced
by laser irradiation may not necessarily be related to the
osseointegration condition of the implant, but to the
differential repair of the lesioned structure that occurred
in the process of mini-implant insertion.
CONCLUSIONS
It could be concluded that (1) low-intensity laser was
capable of increasing stability of self-threading orth-
odontic mini-implants, and (2) all the types of mini-
implants showed satisfactory stability for clinical use,
irrespective of the use of laser therapy.
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